A procedure was developed for the formation and regeneration of protoplasts in Clostridium tertium. Although in the parent strain most of the protoplasts gave rise to L-form colonies, derivatives could be isolated which exhibited high regeneration frequencies. 
Anaerobic clostridia ferment a wide variety of substrates into organic solvents which can be used as feedstocks in chemical processes. Genetic manipulation of these organisms could improve the fermentation economics and thus make biological production of organic chemicals an alternative to the more commonly used routes based on petroleumderived feedstocks. However, as for many other anaerobes, the lack of a genetic transfer system hinders manipulations by recombinant DNA Isolated colonies derived from regenerated protoplasts, which were selected at a high serial dilution to exclude lysisresistant cells, were transferred to SY broth for growth and tested for increased ability to regenerate from protoplasts.
The regeneration of protoplasts in C. tertium Al is shown in Table 1 . In addition to colonies from regenerated protoplasts, L-form colonies of nonregenerated protoplasts appeared which were smaller and more compact than normal colonies. Whereas the colony and cellular morphologies of the regenerated protoplasts were identical to those of the parent culture, protoplast colonies exhibited "fried egg" morphology of L-form colonies (3) and consisted of pleomorphic cells ranging from enlarged globular to small spherical forms. Such irregularity is commonly observed in L-forms. It was apparent that strain Al had a relatively low regeneration frequency (Table 1 ).
The highest recovery of protoplast colonies was obtained with 4 to 5% gelatin in the medium (Fig. 1) . Without gelatin, very few protoplast colonies developed. Increasing the concentration to 10 or 25% gelatin inhibited L-form growth. On the other hand, regeneration was not affected by gelatin concentration, averaging a frequency of 5.0 x 10-5.
Temperature also had a significant effect on L-form growth (data not shown). Incubation at 28°C rather than 37°C resulted in nearly a 100-fold increase in the recovery of protoplast colonies, although the latter temperature is optimal for growth of whole cells. In spite of the large increase in the frequency of L-form colonies, the number of regenerated colonies did not increase at 28°C.
Several additions to the medium affected protoplast recovery to a lesser extent. Magnesium (25 mM), calcium (10 mM), or polyvinyl pyrrolidone facilitated growth of L-forms; however, the effects were variable. The addition of albumin (2.5 to 15.0 g/liter) resulted in faster growth and larger colonies, but did not significantly increase the number of protoplast colonies. Although the addition of hard agar or autoclaved cells has been reported to increase the frequency of regeneration in Bacilllus slibtilis (2), we observed no similar effect for C. tertium. Likewise, N-acetylglucosamine, D-alanine, D-glutamate, or uracil had no significant effect.
Several isolates derived from regenerated protoplasts that were taken from high serial dilutions to exclude lysisresistant cells had significantly higher regeneration frequencies than did the parental strain Al ( Table 2) . One of the isolates, Fl, had a regeneration frequency of close to 100%. However, the ability to regenerate with high frequency was unstable. After numerous transfers, the regeneration frequency of all the isolates decreased to the point where it was only 10-to 100-fold higher than the parental strain. Thus, it appeared that the parent strain had a selective advantage.
The regeneration frequency of the derived isolates compared favorably with frequencies reported for Clostridium pasteurianum (4) and Clostridium acetobutylicum (1), although a direct comparison could not be made because the frequencies were calculated differently. Since the highfrequency derivatives were easily isolated, they should be useful in genetic studies.
Significantly, protoplasts from C. tertium readily formed colonies, whereas those from C. pasteurianum and C. acetobutylicum do not. Extensive incubation of C. pasteurianum cells with lysozyme during protoplast formation results in decreased regeneration, whereas the addition of N-acetylglucosamine, a lysozyme inhibitor, at the end of the lysozyme treatment increases regeneration (4) . Regeneration of C. tertium protoplasts similarly decreased with increased lysozyme concentration during protoplast formation. It is possible that regeneration is dependent on, or at least favored by, incomplete degradation of the cell wall. Currently we are attempting to transform C. tertium protoplasts with plasmid DNA from Clostridium perfringens and other grampositive organisms.
